A 9-year-old, female Mongrel dog was presented for posterior hindlimb weakness, inability to stand, and pain in the lumbosacral and pelvic regions. Radiography revealed a lytic lesion extending from L5 to L6 to the ilium. At necropsy, an 8 ϫ 2 to 3.2 ϫ 3 cm, irregular, white, firm mass was identified extending from the left dorsolateral aspect of the L6 vertebrae to the sacrum, crossing the sacroiliac joint to the ilium, and reaching the acetabulum without affecting the joint cartilage. Tumor masses were also present bilaterally near the costochondral junction of several ribs. White, soft nodules were present in the heart, pericardium, lungs, spleen, and kidneys as well. Histologically, osteolysis with disruption of the cortical bone and reactive bone with the presence of multinucleated osteoclasts was noted. Neoplastic cells consisted of variable, small basophilic round cells (SBRC) with very scant cytoplasm, larger polygonal cells with abundant eosinophilic cytoplasm, and vacuolated cells resembling adipocytes. Within the marrow cavity, vacuolated cells with necrosis predominated, whereas in periosteal areas, polygonal and vacuolated cells that were mixed with a lower percentage of SBRC were more common. In the lungs and heart, SBRC predominated, and in the spleen, polygonal cells were more numerous. Tumor cells stained positive for vimentin and S-100 and stained negative for CD99, neuron-specific enolase, synaptophysin, chromogranin A, cytokeratins, desmin, myoglobin, and actin. This tumor most likely arose from the marrow cavity of the L6 and later invaded through the vertebral body into adjacent vertebrae and various visceral sites.
Liposarcomas (LS) are uncommon tumors with an overall incidence of 0.2-0.5% among all canine neoplasms and a mean age at diagnosis of 9.7 years. 18 Shetland Sheepdogs are preferentially affected. 6 In dogs, primary extraskeletal LS arise frequently from the subcutis, deeper soft tissues (such as interfascicular or intermuscular space), and thoracic and abdominal cavities. 4, 6, 11, 18 In animals, primary bone LS are rare 19 and may arise from the marrow cavity of the mandible, distal humerus, ulna, hock, or metacarpus. 1, 3, 5, 8, 13, 17 Liposarcomas are also reported as a component of mesenchymoma of the vertebral column 14 and radius. 12 Secondary bone LS may result from direct invasion from LS of the neighboring periarticular fat 1 or by metastasis from extraskeletal tumors such as retroperitoneal LS. 10 Extradural spinal LS, without invasion of adjacent vertebrae and with displacement of the spinal cord, has been reported. 7 Histologically, LS of marrow origin are identical to those arising from soft tissues. 1, 19 In animals, the tumors are classified as well differentiated, pleomorphic (anaplastic), and myxoid subtypes, with the myxoid LS the least common. 6 Well-differentiated LS contain readily recognized adipocytes. Pleomorphic variants have cells of highly variable morphology mixed with large, bizarre multinucleated cells. Round cell LS seen in humans contain sheets of cells with varying amounts of eosinophilic and sometimes granular cytoplasm, with or without vacuoles, and may be seen together with the myxoid or pleomorphic variants. 2 pleomorphic LS are more aggressive and likely to metastasize. In humans, most cases have t(12:16) chromosomal abnormalities. 2, 15 This report describes a round cell LS likely arising from the marrow cavity of a lumbar vertebra, invading and metastasizing to the pelvis, ribs, and various visceral organs.
A 9-year-old, female Mongrel dog was presented to the National Taiwan University Animal Hospital for rear limb weakness and inability to stand for 1 month. Palpation elicited pain in the lumbosacral and pelvic regions. Radiography revealed osteolysis in L5-7 vertebrae and the left ilium and nodules in the right middle lung lobe. Hematology and blood chemistry revealed anemia, a left shift, and elevated alkaline-phosphatase level. A tentative diagnosis of osteolytic tumors with lung metastasis was made. The dog died and was necropsied.
Grossly, multiple, white, firm masses were present in the left dorsolateral aspect of the L5-7 vertebrae (within and on the periosteal surface of the transverse process) in the sacrum and ilium and bilaterally on several ribs. In all cases, the masses were on the periosteal areas, invading and within the affected bones. An irregular 3-ϫ 4-ϫ 2.5-cm mass was observed in the left dorsal aspect of the lumbar vertebrae between the spinous and transverse processes and extended caudally for about 8 cm from approximately the L6 (Fig. 1 ) to the acetabulum. Because of anatomical destruction, it was difficult to distinguish whether the tumor arose from the vertebra or from surrounding soft tissues. The mass invaded the sacroiliac joint and reached the acetabulum but spared the articular cartilage and joint cavity. The affected ilium was swollen, irregular, and firm. Firm adhesions between the vertebrae bodies and the ilium and between affected bones and soft tissues made dissection difficult. White, firm, protruding nodules, up to 2.0 cm in diameter, with bony cut surfaces were also present in multiple costochondral junctions of the left (Fig. 2 ) and right sides. White, soft nodules were also evident in the lungs, heart, and spleen and were loosely attached to the pericardium. Most nodules in the lungs were 0.1-0.5 cm, but 1 at the junction of the right anterior and diaphragmatic lobes was about 4 cm. In the heart, the tumor infiltrated both ventricular-free walls and papillary muscles, and 1 discrete, 1 ϫ 0.7 ϫ 0.5 cm, mass was present in the endocardium of the left ventricle near the apex. Three 2.5-ϫ 1-ϫ 1-cm nodules were loosely attached to the pleural surface of the pericardium. The spleen contained multiple, soft, yellow, friable 0.2-2-cm-diameter nodules.
Histologically, vacuolated tumor cells within the vertebral marrow were associated with necrotic marrow, disruption of the cortical bone ( Fig. 3 ), endosteal and periosteal reactive bone formations, and tumor masses in the periosteal areas (extraosseous). Lysis of cortical bone was evidenced by expanded Haversian canals filled with small, basophilic round cells (SRBC, see below), vacuolated cells, and occasionally, multinucleated osteoclasts. Osteoclasts were also present as part of the marrow bony spicules, periosteal reactive bone, and bony spicules within the extraosseous tumor masses. Lysis of the periosteal reactive bone was manifested by central spaces (not Haversian canals) filled with vacuolated cells, loose fibrous or myxoid tissue, and SRBC, usually with a centrally located blood vessel. The tumor reached the vertebral canal but did not compress the cauda equina. In the paravertebral masses, tumor cells formed various-sized lobules with SBRC and larger polygonal cells in the center with peripheral vacuolated cells (Fig. 4) . The SBRC had a round to oval nucleus with dark clumped chromatin, an indistinct single nucleolus, scant cytoplasm, and distinct cell borders. Polygonal cells had larger round to oval nuclei with stippled chromatin, a single nucleolus, abundant, pale eosinophilic cytoplasm, and indistinct cell borders (Fig. 5 ). Vacuolated cells, with eccentric, semilunar-shaped nuclei, resembled mature adipocytes (Fig. 4 ). Necrosis occurred more frequently in the vacuolated cells. Mitoses were rare. Bands of connective tissue with bony spicules subdivided the tumor cells into ''lobules'' (Fig. 6 ). These interstitial bony spicules were likely derived from lysed periosteal reactive bone and were pushed farther away from the periosteum as the extraosseous tumor masses expanded. Tumor emboli, with polygonal cells and vacuolated cells, were frequently present within the lym- phatics in the mass. In the sacrum, ilium, and ribs, histologic features were similar to those of the vertebrae. Paravertebral and periosteal masses were demarcated by fibrous tissue. Surrounding skeletal muscles were atrophic and fibrotic. Nerves, including cauda equina, a spinal nerve, sacroiliac nerve, and all ganglion cells examined, were normal.
In the heart, SBRC, polygonal cells, and fewer vacuolated cells with central necrosis were noted. Tumor cells in the papillary muscles and ventricular-free wall disrupted the continuity of Purkinje fibers. In the lungs, small masses contained predominantly vacuolated cells with few SBRC; in contrast, the largest discrete mass, which was encapsulated by fibrous tissue, contained predominantly sheets of SBRC. Tumor nodules in the spleen were well demarcated from the surrounding parenchyma and had predominantly polygonal cells with eosinophilic cytoplasm and more distinct cell borders than those seen in the paravertebral mass ( Fig. 5 ). Polygonal or vacuolated neoplastic cells were in renal glomeruli.
Sections of the tumor were immunostained with mouse antibodies against various markers (Table 1 ) a-c by the avidinbiotin complex method d using diaminobenzidine e as the sub-strate. The tumor cells stained positive for vimentin and S-100 ( Fig. 6 ) but stained negative for CD99, cytokeratins, neuron-specific enolase (NSE), synaptophysin, chromogranin A, desmin, myoglobin, and actin. Vimentin stained polygonal cells more intensely than vacuolated cells, whereas the SBRC were almost unstained because cytoplasm was scant. S-100 also stained polygonal cells more intensely than vacuolated cells and SBRC. Oil red O staining on paraffinembedded sections revealed that few fields with mixed polygonal and vacuolated tumor cells contained positive red stains.
The LS most likely arose from the marrow of the L6 vertebrae. Metastasis to multiple skeletal and visceral sites was evidenced by tumor emboli in the lymphatics. Random multifocal masses in the lungs, heart, and kidneys indicate dissemination from a primary site. Spinal nerve and peripheral nerve lesions were not evident grossly and histologically. Perhaps the posterior weakness was because of destruction of bone and atrophy of skeletal muscles.
The presence of vacuolated cells and positive staining of tumor cells with vimentin and S-100 are suggestive of an LS. The presence of SBRC requires inclusion of peripheral primitive neuroectodermal tumor (pPNET) and Ewing sarcoma (ES) in the differential diagnosis. The lack of neurofibrillary differentiation, rosette formation, adrenal gland involvement, and negative staining for NSE, synaptophysin, and chromogranin A may exclude pPNET. 9 The negative staining for CD99 marker and the occurrence of this tumor in an adult dog (ES occurs more frequently in young humans) 20 tend to rule out ES. 16 The presence of vacuolated cells and the lack of multinucleated giant cells, histiocytic cells, and storiform pattern ruled out malignant fibrous histiocytoma. 8 The lack of cytoplasmic striation, rhabdomyoblastic giant cells, and myoglobin and actin markers ( Table  1) ruled out rhabdomyosarcoma. 8 The lack of bone, cartilage, and smooth and striated muscle components distinguishes this tumor from a malignant mesenchymoma. 12, 14 
